Previous research on the dynamic linkages between international financial markets focused on bivariate inter-equity or inter-currency relationships and do not allow a specific role for the currency or equity market, respectively. In this paper we hypothesize that there are important, yet not well understood, dynamic relationships between international equity and currency markets and that these are driven by information spillover via the mechanism of currency order flow. Using a trivariate asymmetric GARCH framework, we find that the relationships between equity and currency markets are significant, bidirectional, and pervasive. These relationships, which co-exist with the relationships between US and foreign equity markets, are much stronger in the volatilities than in the means. Importantly, we find strong support for our information-spillover hypothesis where currency order flow is the economic mechanism by which information is transmitted.
leads us to question how well the linkage(s) from currency to equity markets is understood, even though considerable effort has been expended in establishing this relationship(s).
In this paper, we address the issue of spillovers between currency and equity markets by seeking answers to the following questions. First, is there a significant price transmission from the equity market to the currency market? Second, does the currency market impact the equity markets in ways other than those suggested by established theoretical models? An important, yet rarely examined, aspect of spillovers between international financial markets is the economic factor(s) that leads to this interdependency. The third question that we examine is: what is the underlying economic mechanism that links these markets? A more complete understanding of these issues is of importance not only to academics, but also to investors, corporate treasurers, central banks, and regulatory authorities.
In seeking answers to these questions, we estimate mean and volatility spillovers between several groupings of financial markets with each group containing the US equity market, a foreign equity market, and the corresponding bilateral exchange rate as dependent variables. The foreign countries included in this study are Canada, Germany, Japan, and the UK. Our analysis is based on the notion that information shocks are transmitted across financial markets (e.g., Fleming, Kirby, and Ostdiek (1998) ). Thus, our maintained hypothesis is that spillovers between the currency market and domestic and foreign equity markets are due to information flow. Consistent with several recent works (e.g., Evans and Lyons (2002a,b) , Rime (2001) ) that we review in the next section, we posit that unexpected currency order flow is the vehicle that transmits information between these three markets.
Consistent with the extant literature, we define currency order flow as the net purchase of a foreign currency. It may be thought of as "signed volume" in the sense that each purchase is signed as positive and each sale as negative volume (Evans and Lyons (2002a,b) ). Evans and Lyons (2002b) show that, while order flow helps to transmit macro news to exchange rates and has a greater impact on exchange rates on the arrival of macro news, order flow also transmits information that is not in macro news. 3 We posit that it is the (non-public) information in order flow that is not due to macro news that accounts for the interdependence between international markets. This hypothesis follows from the "portfolio shifts" model of Evans and Lyons (2002a) . Assume that investors optimally allocate funds across several markets. A subset of these investors may decide to rebalance their portfolios because of changes in investors' appetite for risk, in hedging demand, or liquidity needs. As Evans and Lyons (2000b) point out, the decision to rebalance and the actual quantities are private information. Order flow innovations represent signals about the stochastic portfolio rebalancing of this subset of investors and their portfolio shifts can only be identified from (or revealed by) these signals. Further, because other market participants need to absorb the demand change due to the rebalancing, the impact of order flow innovations on prices arising from the rebalancing is persistent (Evans and Lyons (2002b) ). 4
In light of the above, the intuition behind private information shocks leading to spillovers between domestic and foreign equity markets and the exchange rate is straightforward. Consider, say, a set of US investors who invest in both domestic and foreign equity markets. Assume that these investors have fixed resources and do not hold cash. 5 Suppose that, for some private reason, these investors were to rebalance their portfolios, by reducing (increasing) their holdings in the domestic equity market and increasing (reducing) their foreign equity position. This transaction would cause investors to generate a foreign-currency purchase (sell) order. Thus, the act of portfolio rebalancing links all three financial markets.
We hypothesize that it is unanticipated currency order flow that is the transmission vehicle by which the private information about the portfolio rebalancing from one market gets impounded into the 3 An example of order flow that transmits non-public information is the order flow due to central bank intervention. Evans and Lyons find that 60% of the variation in daily deutsche mark/$ exchange rates is due to order flow and 40% is due to other factors. Order flow unrelated to macro news accounts for over half of the former variation. 4 Our results can also be explained by order flow without the dependence on "portfolio rebalancing." For instance, if speculators who hold net zero investments were to short the US stock market and go long the German market, these actions would generate a currency order flow and could possibly lead to spillovers between the two markets. 5 Similar to Evans and Lyons (2002a) , assume that they are large enough (perhaps, institutional investors) to affect prices. prices of another market (Evans and Lyons (2002a,b) , Rime (2001) ). 6 It is important to note that information flow is the underlying factor that links the capital markets, but currency order flow is the economic mechanism that transmits this information between markets. This information may have a lagged impact on the financial markets because participants in both the currency and equity markets heterogeneously interpret the information in order flow and require a learning period before fully acting on the information. This conjecture is consistent with the finding of Froot and Ramadorai (2002b) that, although exchange rates appreciate immediately following a shock to order flow, it takes up to 70 days for the full impact to be incorporated into currency changes. The importance of this is that innovations in order flow have predictive power for exchange rate changes (Froot and Ramadorai (2002b) , Rime (2001)) and equity returns (Froot and Ramadorai (2002a) ). Further, because order flow innovation is the transmission vehicle for private information and the variance of prices equals the rate of information flow (Ross (1989) ), its impact on the volatilities may be even more pronounced relative to the impact on the means.
Our paper contributes in several ways to the international finance literature, in general, and, in particular, to the literature that examines the interdependencies between international financial markets.
First, we use a multivariate approach that allows for the endogeneity of the exchange rate and domestic and foreign equity markets, whereas previous studies generally treat exchange rate as exogenous (e.g., Jorion (1990) , and Griffin and Stulz (2001) ). By design, this approach allows us to assess the empirical significance of the less well-established, but perhaps important, impact of equity markets on currency markets. At the same time, we are able to shed additional light on the international equity market spillovers having now allowed exchange rate to have an explicit effect.
Second, our investigation of the linkages between exchange rate changes and equity returns considers both mean and volatility relationships within a conditional framework. Previous studies of the impact of exchange rates on stock returns, such as Jorion (1990) , Griffin and Stulz (2001) , among others, usually use an unconditional framework and focus only on mean relationships. Finally, and perhaps most important, we provide evidence on whether information flow, through the mechanism of currency order flow, is the underlying factor that links these international financial markets.
Our analysis proceeds in two steps. First, we determine if there are interdependencies between the currency and two associated stock markets. Next, anticipating our results, we investigate the extent to which they can be explained by information flows via the mechanism of currency order flow. In our estimation, we employ a trivariate GJR-GARCH (1,1) model (Glosten, Jagannathan, and Runkle (1993) ).
The advantages are that, it is more efficient than univariate models that are often used to examine spillovers in financial markets (e.g., Hamao et al. (1990) ), it accounts for asymmetric volatility, and it allows us to endogenize each of the three markets. Thus, unlike other studies that examine the impact of order flow on exchange rate changes (e.g., Evans and Lyons (2002a, b) and Froot and Ramadorai (2002b) ) or equity returns (Froot and Ramadorai (2002a) ), we simultaneously examine the impact of order flow on the means and volatilities of both equity and exchange rates.
We find significant, bi-directional mean and volatility spillovers between currency and equity markets and between US and foreign equity markets. In the means, we find significant spillovers from the Canadian, German, Japanese, and UK equity markets to at least one of these countries' exchange rates against the US dollar. Similarly, we find significant spillovers from changes in the Canadian dollar, the mark, the pound, and the yen exchange rates to the US and foreign equity returns. Further, the evidence indicates that all foreign equity markets significantly predict the US and all are in turn predicted by the US equity market. This is in stark contrast to the typical finding of unidirectional spillovers from the US to the other major equity markets documented in previous studies (e.g., Hamao et al. (1990) ) or the absence of mean spillovers between foreign and US equity markets (e.g., Susmel and Engle (1994) ). One possible reason for this is that most studies fail to endogenize exchange rates, which have spillover effects of broadly similar magnitude, but opposite sign, to those from the associated foreign equity returns. This information relevant to future exchange rates they argue it is not information about fundamentals.
is supported by the finding that the spillover from changes in an exchange rate to equity returns is greatest where the exchange rate and the associated foreign equity returns are both endogenous variables.
The volatility results are much stronger. There are significant volatility spillovers from the US and foreign stock markets to the volatility of the currency markets. The evidence also indicates that the lagged volatility of each of the four currencies has a significant impact on the current volatility of both the US and foreign stock markets. In almost all cases, the spillover from currency volatility to equity volatility is much stronger than the reverse. This leads us to believe that a possible explanation for the failure of several previous studies to find exchange rate as a significant explanatory variable for equity returns is that they focused almost entirely on the first moment (e.g., Griffin and Stulz (2001) ). 7 There are also strong bi-directional volatility spillovers between the equity markets. Further, there is asymmetry in the spillovers in that they tend to intensify following periods of negative shocks in the equity markets.
The finding of strong dynamic relationships between currency and equity markets indicates that the results of prior studies that treat either the exchange rate or equity markets as exogenous are misspecified, which partly accounts for the generally weak results previously reported.
When we control for information effects, by including unanticipated order flow in the model, there is a dramatic diminution in both the mean and volatility spillovers. As expected, order flow innovations economically and statistically significantly predict equity returns as well as changes in exchange rates. In keeping with our portfolio-rebalancing hypothesis, a positive shock to order flow typically leads to an appreciation of the foreign currency and a gain in the foreign equity market. While there is a reduction in both mean and volatility spillovers across the various systems of equations, the reduction is larger and more consistent in the volatilities. This is consistent with Ross (1989) , who argues that the variance of prices is related to the flow of information, and provides strong support for the hypothesis that innovations in order flow reflect information and that spillovers between the currency and the domestic and foreign equity markets are due to information flow.
The remainder of the paper contains six sections. Section II briefly discusses the related literature, section III outlines the methodology, and section IV describes the data. We present the empirical results in sections V and VI. The paper's summary and conclusions are in section VII.
II. Literature Review
The dependence of equity returns on currency changes can be linked to two strands of the international finance literature. Theoretical work by Solnik (1974) , Sercu (1980) , and Adler and Dumas (1983) , among others, show that currency risk should be a priced factor in explaining equity returns. In other words, developments in the currency market should affect the discount rate of firms. Although theoretically appealing, early empirical tests (e.g., Jorion (1991) ) failed to find support for exchange rate changes impacting stock returns. More recently, Dumas and Solnik (1995) , and De Santis and Gerard (1998) use conditional asset pricing models to show that currency risk (as measured by the conditional covariance between equity and currency returns) is important in explaining the variation in the mean of stock returns.
The other strand of literature is based on papers by Shapiro (1975) , Levi (1994), and Marston (1998) , among others. This literature argues that exchange rates should affect the competitiveness of firms and thus their market values. This impact is on the expected future cash flows of firms. Similar to the other strand of literature, empirical evidence in support of these theoretical works are at best weak (see, e.g., Jorion (1990) , Bodnar and Gentry (1993) , and Griffin and Stulz (2001) ). This lack of empirical support is surprising given that Froot and Klemperer (1989) , and Knetter (1993 Knetter ( , 1994 , among others, show that deviations from purchasing power parity lead to large movements in exchange rates and increase in profit margins for exporters resulting from price markups.
There are several possible reasons for this lack of strong empirical support for the theoretical constructs. Previous studies generally assume that the relationship(s) between the currency and equity markets is time-invariant, exists only between the first moments, and that exchange rate is exogenous. This approach has several weaknesses. First, the impact of exchange rate need not be constant over time.
Since developments in the currency market can have positive or negative effects on a firm as economic conditions change, these unconditional tests have low power and are unlikely to find significant net effects. Second, even if the mean of currency innovations has no impact on equity returns, it does not follow that their volatility also has no impact. In fact, given that currency changes may be a proxy for information about future fundamentals it is likely that currency volatility will be more influential in the volatility of stock returns.
Many studies of the relationships between currency and equity treat exchange rate as exogenous, perhaps because traditional theoretical models of the determination of exchange rates have not had a role for equity markets. However, as Frankel and Rose (1995) and Evans and Lyons (2002a) point out traditional (macroeconomic) models of exchange rates have been a failure in explaining exchange rate movements. 8 Hence, "… we are driven to the conclusion that the most critical determinants of exchange rate variability are not macroeconomic" (Flood and Rose (1995) ).
In extending the theoretical literature and providing a basis for the influence of domestic and foreign equity markets on the currency market, Zapatero (1995) and Hau and Rey (2002) develop theoretical models that endogenize exchange rates along with equity market returns. Both papers show that exchange rates are impacted by equity returns. Specifically, Zapatero shows that exchange rate changes depend on the volatility of the domestic stock market and the covariance between the domestic and foreign stock markets. Currency volatility in his model is a function of the volatilities of both equity markets. The model by Hau and Rey (2002) is more relevant to the current paper in that they specifically allow currency order flow to play a direct role in driving the dynamics between the financial markets.
The paper by Hau and Rey (2002) is just one of several recent papers in the international finance literature that addresses the issue of the impact of order flow on exchange rates and/or equity markets. Evans and Lyons (2002a) present an exchange rate model that explicitly incorporates a determinant from the field of microstructure -currency order flow. Their empirical results show that including order flow 8 As noted by Evans and Lyons (2002a) , "In sample R 2 statistics as high as 10 percent are rare." as an explanatory variable in determining exchange rate changes produces an R 2 statistic of about 60 percent. Further analyses show that nearly all of this variation in daily exchange rates is due to order flow. Although not explicitly tested, they argue that this impact is due to currency order flow acting as a vehicle for information flow. Evidence of the importance of order flow in explaining currency changes is also provided by Rime (2001) .
In a follow-up paper, Evans and Lyons (2002b) explicitly test the hypothesis that macroeconomic news is a determinant of order flow and consequently that order flow's remarkable explanatory power is primarily due to its acting as a vehicle for information flow. They find that about two-thirds of the impact of macroeconomic news on exchange rates is transmitted via order flow. Additionally, they find that upon the arrival of news, the importance of order flow in the determination of exchange rate increases.
They report that, together the two information channels of macro news (the direct channel and the channel via order flow) account for approximately 30 percent of the variation in exchange rates. However, more important to our paper, they also find that only a third of the impact of order flow on exchange rate changes is due to macro news, while the remaining two-thirds is not macro news related. Andersen, Bollerslev, Diebold, and Vega (2002) also provide evidence that macroeconomic news is transmitted via order flow and that the volatility of exchange rates increases when news arrives.
The role of currency order flow, as an information vehicle, is not limited to the currency markets. Froot, O'connell, and Seasholes (2001) find that daily international investment flows have a substantial effect on equity returns. As is the case with Evans and Lyons (2002a), they do not directly test if this explanatory power is due to information flow. However, in a more recent paper, Froot and Ramadorai (2002a) directly test this hypothesis and find strong evidence that the impact is due to information flow.
III. Empirical Methods
We use a trivariate GJR-GARCH (1,1) model to estimate the mean and volatility spillovers between the US and a foreign stock market and the bilateral exchange rate between the two countries.
We specify a representative system of equations as follows:
(1) 
Let R 1 represent the returns on the US stock market and R 2 to R 5 the returns on the stock markets of Canada, Germany, Japan, and the UK, respectively. Also, let F 1k represent 100 times the log-first difference of the bilateral exchange rate between the US and countries k = 2,…,5 (i.e., the Canadian dollar, the mark, the yen, and the pound, respectively, in foreign currency per US dollar).
We estimate four trivariate systems of equations, where the three dependent variables of each system are: the returns on the US stock market, R 1t , the local-currency returns on the stock market of one of the four foreign countries, R 2t ,…,R 5t , respectively, and the changes in the bilateral exchange rate between the two countries whose stock market returns are also dependent variables, F 1k , k = 2,…,5. 
The lagged dependent variable is included to reduce the probability that the residuals of the mean equations are autocorrelated. This is important because untreated autocorrelation could lead to a spurious finding of mean spillovers between markets. Each mean equation also contains one lag of each of the other two dependent variables. These represent the spillover terms from the other markets that complete the trivariate system. These are usually all the mean interdependence allowed between markets in multivariate models of intermarket spillovers (see, e.g., Karolyi (1995) ). However, in recognition of the facts that the markets considered in the current paper are well integrated and that previous papers have examined mean spillovers between various subsets of these markets, we also include one lag of each of the other equity returns and currency changes as independent variables in each mean equation. This specification provides a richer set of intermarket dynamics and reduces the probability that observed spillovers from one market arise because it is a proxy for an omitted market.
As shown by equation (4), the residuals from the conditional mean equations, , are assumed to be conditionally multivariate normally distributed, with means of zero and variance-covariance H t . Theses are used in the variance process to represent the volatility spillovers.
We model the conditional variance as a trivariate system of equations, where the variances are those of the dependent variables in the mean equations. These are specified as in equations (5) to (7) .
Each market's variance is modeled as a function of a constant, the square of last period's own residuals, the own lagged conditional variance, and an own asymmetric volatility term representing the first four expressions on the right hand side. The term is the squared unexpected returns on market i in weeks when there is bad news. In particular, bad news is represented as e t-1 <0. This implies that the actual return R it is less than the expected (predicted) return as estimated by, for example, .
The assumption is that when the return on the market is less than expected (that is, there is bad news) its volatility is higher in the next period. The coefficient δ is expected to be positive if there is this asymmetry in the volatility. In the case of changes in the exchange
rate, the interpretation is different. A change in the exchange rate represents an appreciation of the US dollar relative to the foreign currency. If the dollar's appreciation (foreign currency depreciation) turns out to be less than expected, then e 3t-1 <0. In this case, we could expect that the dollar will be less volatile, thus the asymmetric coefficient would be negative.
To capture the volatility spillovers we extend the basic GJR model. We follow Engle, Ito, and Lin (1990) and include, for say the first market h 1t , the lagged squared return surprises, , and the asymmetric terms, , from the other two markets. These will indicate if there are volatility spillovers and if the magnitude of the volatility spillover is different in periods of bad news and good news. We also need to model the three conditional covariances between the various markets because we use a multivariate system. In equation (8), the conditional covariance between each pair of markets is modeled as a function of the product of their constant correlation and their conditional standard deviations. 9
To estimate the coefficients in the above models we maximize the log likelihood function from the conditional normal specification and calculate a covariance matrix of the parameters that is robust to the distribution (e.g., non-normality) of the errors (i.e., we use a quasi-maximum likelihood (QML) approach similar to Bollerslev and Wooldridge (1992) ). Hence, we can draw the usual statistical inferences even if the model residuals are not normally distributed. We use several model diagnostics, the coefficients, and graphs of the conditional variances (not reported) to guide us in the estimation process and to increase the probability of the model converging at the global maximum.
IV. Data
We use weekly Wednesday-to-Wednesday value-weighted returns in local currency for the US, British, Canadian, German, and Japanese stock markets and weekly changes in the value of the currency of each country against the US dollar -British pound (GBP), Canadian dollar (CAD), deutsche mark (DEM), and Japanese yen (JPY), per US dollar. The data cover the period January 1994 to December 2001 and are obtained from Morgan Stanley Capital International (MSCI). 10 We measure stock returns as the log-first differences of the stock indices and currency changes as the log-first differences of the exchange rates.
The few existing studies that utilize currency order flow rely on proprietary data. Unfortunately, these are not available to us. Thus, we use a publicly available proxy for currency order flow. The order flow proxy data are from the US Treasury and represent the foreign currency position of the major foreign exchange market participants (banks with $50 billion in outstanding foreign exchange contracts at the end of any quarter in the previous year) as at the close of business each Wednesday. Specifically, the reported balances are the unsettled purchases and sales of spot, forward, futures, and one half the notional options contracts. While the reported balances do not include all transactions that occurred over the last week and are, therefore, not truly order flow, they are a close proxy as they represent the bulk of the transactions during the week. This is because of the two-day settlement policy for spot transactions and the fact that most non-spot transactions entered into since the last report would be outstanding at the time of the new report. We use weekly observations of net purchases (purchases minus sales) of spot, forward, and futures contracts. These data are available only since January 1994, hence the restriction on our sample period.
The use of a proxy for order flow biases our tests against finding support for the hypothesis that currency order flow is the transmission mechanism for private information that gives rise to the intermarket dynamics previously discussed. Furthermore, this bias is greater because we use aggregate 9 Although a constant correlation does not in general hold, we believe it is a reasonable assumption over short sample periods. Unreported diagnostic tests strongly support our assumption. 10 The German order flow data end in December 1998 because of the introduction of the Euro in January 1999. Since Germany is one of the largest financial markets and its equity and currency markets have significant spillover effects on the US, we report the results related to the 1994 to 1998 period as our main results. However, when we exclude German data and extend the period covered from 1994 to 2001, the hypothesis that order flow accounts for a significant portion of the interdependencies between international markets continues to be strongly supported. This is not surprising since Evans and Lyons (2002b) argue that the types of information conveyed by order flow, in particular the types with persistent price effects, are unlikely to change with the evolution of the foreign exchange market. As they assert, the information conveyed by order flow has to do more with the asset being traded than with the market structure. flows (including the proprietary data related to international equity transactions that have been used by other authors). For example, Tien (2003) finds that aggregate order flow obscures the information content of specific components, such as the flows related to hedging demand. On the other hand, by including order flow in the mean equations we may also be controlling for some other process that caused a diminution in the spillovers between some markets. In this case, we could actually observe an increase in the magnitude of the spillovers. Given the above, if we do find support for our hypothesis this indicates that our results are rather strong. Table 1 contains summary statistics for returns on the stock market indices, percentage changes of the exchange rates, and currency order flow data. Statistics for the equity markets are presented in Panel A. They show that over the period the US had the highest weekly return (0.393%) reflecting its bull market, while Japan had the lowest (-0.089%) reflecting the prolonged bear market that characterized the Japanese economy over the sample period. Each series is free of autocorrelation at the 5% level of significance. The autocorrelations of squared returns, shown in the third column from the right, are characteristically larger and more persistent (generally up to the twelfth lag) than the autocorrelations in the returns. Importantly, the p-values are generally less than 0.05, suggesting that there are ARCH errors in all the series. The Jarque-Bera test for normality indicates that the returns are not normally distributed, as they all have excess kurtosis and most are skewed.
We present summary statistics for the changes in exchange rates in Panel B. The data show that on average the CAD and JPY experience weekly depreciation over the sample period, while the DEM and the GBP appreciated over the period. However, none of the changes is significantly different from zero at conventional levels. As expected, equity returns are more volatile than exchange rate changes. An implication of these findings is that we may only find unidirectional causality from the more volatile equity markets to the currency markets.
Except for the JPY, the exchange rate changes do not have significant autocorrelation, suggesting that information is impounded without a lag. This is not surprising and is probably due to the relatively large size and substantial liquidity of the currency market. The squared exchange rate changes do not display the large autocorrelation characteristic of equities, but univariate ARCH models of all the currency series (results not reported) confirm strong ARCH errors. The finding of ARCH errors in both the equity and currency series supports the choice of a GARCH framework for our estimation. Similar to the equity series, the Jarque-Bera test for normality indicates that the exchange rate changes are generally not normally distributed, as they all have excess kurtosis and/or skewness. Our methodology accounts for both the autocorrelation and non-normality observed in the series.
Panel C contains summary statistics of the currency order flow. These are based on the net of purchases and sales. The data shown are measured in terms of the foreign currency. The net positions indicate that, on average, US residents purchased more Canadian dollars, deutsche marks, and pounds than they sold. The reverse holds for the yen. As expected, the net positions are relatively small given the well-known fact that dealers attempt to maintain a net zero inventory. However, on average they are statistically significantly different from zero. Table 2 presents cross-correlation results. Several previous studies (e.g., Karolyi (1995) , Lin et al. (1994) ) report cross-correlation between the returns of the major equity markets and thus we do not repeat them here. Instead, we focus on the relationships between currency and equity returns. Panel A contains the cross-correlation between the US equity returns and the changes in exchange rates, along with cross-correlations between the foreign equity markets and their corresponding exchange rate with the dollar. First, as indicated by the p-values (p(-2 to 2)) there is significant cross-correlation at the 5% level between the US equity and the CAD, DEM, and JPY over the sample period. Second, judging from the size of the coefficients on the contemporaneous unconditional correlation, US equities are most highly correlated with the DEM (0.318). Further, the contemporaneous correlation between US equity returns and currency changes is stronger than the cross-correlation when the US equity returns lead (lag = -1, -2) or lag (lag = 1, 2) the currency changes. Notwithstanding, the evidence indicates that both the JPY and the CAD lead US stock returns, while the US stock returns lead the CAD.
Significant cross-correlations are also evident between the foreign equity returns and their respective currency. With the exception of the Japanese market, there is significant cross-correlation (p(-2 to 2)) at the 1% level, which is driven almost entirely by the contemporaneous correlation. However, the CAD leads the Canadian equities. The existence of these lead-lag relationships, albeit unconditional, between the currency and equity markets suggests the possibility of conditional cross-market dependence in the mean.
As preliminary evidence of the relationships between volatilities, we present cross-correlations between the squared currency changes and squared equity returns in Panel B. Columns 1 through 4 contain results of squared US equity returns and squared changes in the currencies of the four other countries relative to the US dollar. Columns 5 to 8 report results of the remaining countries and their own currency. There is evidence that the yen and the Canadian dollar significantly lead the US equity market and the equity markets of Japan and Canada, respectively. Consistent with our earlier findings, in several cases there is significant contemporaneous correlation between squared equity returns and squared currency changes. Interestingly, only the Canadian equities lead the currency market.
In summary, the foregoing unconditional correlation analyses indicate that there is a significant, predominantly contemporaneous, relationship between the major equity and foreign exchange markets.
The results also indicate that there is a stronger tendency for the currency market to lead the equity market than vice versa. This suggests that we may not find significant spillovers from the equity to the currency markets. However, this conclusion would be premature because the correlations analyzed above are unconditional. As shown by De Santis and Gerard (1998), and others, results obtained from unconditional models can be dramatically different from those obtained from conditional models where conditional cross-correlations are used instead of unconditional correlations.
The findings that the US equity market lags the JPY and CAD in levels and squares and that the Canadian, German, and UK equity returns are contemporaneously correlated with changes in their currency have several implications. First, they suggest that the documented lagged foreign equity spillovers to the US (see, e.g., Karolyi (1995) ) may be overstated and in fact may even be an exchangerate effect. Second, they suggest that any documented relationship between the US equity market and currency markets where the effects of the foreign equity markets have not been filtered out may give a biased picture of the true relationship between the US equity returns and foreign currencies. In the estimation below, we filter out the effects of the foreign equity returns on the currencies so that the currencies' impact on the US equity returns can be independently assessed.
V. Empirical Results

A. Mean and Volatility Spillovers between Equity and Currency Markets
Our objective in this sub-section is to establish whether or not there are significant spillovers between currency and equity markets and between equity markets. 11 Table 3 , Panel A (i) presents the GJR-GARCH (1,1) results of the grouping comprised of the returns on the US and German equity markets and the changes in the DEM exchange rate as dependent variables. Overall, we find strong evidence of previously undocumented spillovers from equity to currency markets. We also find significant spillovers from currency to equity markets and between the major equity markets. Panel A (i) indicates that there are significant mean spillovers from the Canadian, German, and Japanese equity markets to the DEM exchange rate. This finding is consistent with the casual empiricism mentioned in the opening paragraph and may be the result of the microstructure explanation of exchange rate determination (see, e.g., Lyons and Evans (2002a, 2002b) and Hau and Rey (2002) ). We address this issue below.
Further strengthening the evidence of linkages between equity and currency markets are the results that show that a depreciation of the mark predicts a subsequent decline in US stock market, whereas a depreciation of the Canadian dollar predicts a gain. Somewhat surprising are the findings that changes in the value of the mark have no significant predictive power for the German equity market, but a depreciation of the Canadian dollar leads to a subsequent increase in the German equity market.
There is also evidence of significant bi-directional spillovers of roughly similar magnitude between the US and German equity markets. Further, the Canadian market predicts both the US and German equity markets and Japanese stock returns predict German stock returns. These significant and pervasive mean spillovers are inconsistent with the results of most of the received literature that has, in general, failed to find mean dependence between the major equity markets (e.g., Hamao et al. (1990) , Susmel and Engle (1994) ). Finally, changes in the Canadian dollar, Japanese yen, and British pound do not have predictive power for changes in the mark/dollar exchange rate. This is not surprising, given that the "meteor shower" hypothesis of spillovers between currencies relates to volatilities rather than to the means (Engle et al. (1990) ).
Panel B (i) contains the results of the conditional variance equations. They display strong evidence of volatility spillovers between markets. Unlike the mean results, the lagged volatility of the US stock market, as well as that of the German stock market, significantly predicts the conditional volatility of changes in the DEM exchange rate. The asymmetric volatility terms also indicate that there are significant spillovers from the equity markets to the currency market when there is bad news in the equity market. A possible explanation of this is that if investors' appetite for risk changes with bad news in one equity market, then this increases the intensity of portfolio rebalancing across markets. It should be noted that this should lead to an increase in currency order flow (Evans and Lyons (2002a) ).
There are also significant volatility spillovers from the exchange rate to both the US and German stock market volatilities and the spillovers are substantially higher when the dollar appreciates (mark depreciates) less than expected. There are also significant bi-directional spillovers between the volatilities of the US and German stock markets. The impact of the US on the German equity volatility is about twice that of the German volatility on the US market volatility. The asymmetric spillover terms indicate that spillovers increase significantly when there is a negative shock to either market. Finally, all own asymmetric terms are highly significant. This suggests that the conditional volatilities of both stocks and these results are not an artifact of model misspecification. In the interest of space, we do not report these results, but they are available on request. exchange rates are impacted differently by good and bad news, even though the phenomenon is stronger for stocks.
The strong evidence of bi-directional volatility spillovers between equity and currency markets is important for several reasons. First, to the extent that the variance of prices reflects the rate of information flow (Ross (1989) ), these findings support our conjecture that the cross-market dependencies are due to information spillover. Second, it suggests that the general lack of evidence of exchange rates having an impact on equity markets (see, e.g., Jorion (1991) and Griffin and Stulz (2001) ) may be because both empirical and theoretical works focus only on the first moment and not on the second.
Third, finding that currency and equity markets are conditionally cross-correlated is broadly consistent with the De Santis and Gerard (1998) result that exchange rate is a priced factor for equity returns in conditional asset pricing models. Finally, the currency/equity market volatility has implications for US trading in German equity derivatives, and vice versa, as the value of these securities is impacted more by volatility than by the mean of the DEM exchange rate.
Panel A (ii) of Table 3 reports the mean spillover results when the US and Japanese equity markets and the JPY exchange rate form the grouping. The results indicate some evidence of mean spillovers between the equity and currency markets. Specifically, while neither the US nor Japanese equity returns predict changes in the yen/dollar exchange rate, the evidence indicates that there is statistically significant spillover from the German equity market to the yen. In addition to the spillover from the stock markets to the exchange rates, there are also significant spillovers from changes in exchange rates to equity returns. That is, the US stock market experiences significant spillover from changes in the value of the yen, while there is significant spillover to the Japanese equities market from changes in the Canadian dollar and the British pound.
There are also mean spillovers between the equity markets. The US stock market exhibits significant spillover effects from the UK equity market, a result that is consistent with that reported by Hamao et al. (1990) , but not with Susmel and Engle (1994) . In addition, there is spillover to the Japanese equity market from the US and UK equity markets. This contrasts somewhat with Hamao et al. (1990) who find a significant spillover effect from the US, but not from the UK, market to the Japanese market.
It is also inconsistent with Lin, Engle, and Ito (1994) who find no significant (lagged) spillover, in either direction, between US and Japanese equities. Finally, there is mean spillover between the currency markets as past changes in the dollar/pound exchange rate significantly predict changes in the value of the yen.
The volatilities of equity returns and exchange rate changes, shown in Panel B (ii), also display significant spillover effects. The conditional volatility of the JPY exchange rate is significantly predicted by the lagged volatility of the US and Japanese equity markets. On the other hand, the results also show that the volatility of both equity markets is predicted by the lagged volatility of the JPY exchange rate, at the 10% significance level. Further, from the asymmetric volatility spillover coefficients, when the yen depreciates less than expected, it also leads to volatility spillover from the yen to the Japanese equity market.
There is also interdependence in volatility between equity markets. Unlike the result reported in Hamao et al. (1990) , current volatility of Japanese stock returns predicts the volatility of the US equity market, even though the magnitude of the predictability in the reverse direction is about three times larger.
Panel A (iii) reports the results where the dependent variables are the US and UK equity markets and the GBP exchange rate. It shows that although there is no mean spillover to the GBP exchange rate changes from the US or UK equity returns, there is significant spillover from the Japanese equity returns.
There are also spillovers from currency changes to equity returns. Changes in the pound predict the returns on the US equity market and changes in the Canadian dollar predict the returns on the UK equity market. The means of the equity returns also display substantial cross-market dependence. There are significant spillovers to the US equity market returns from the returns on the UK and German equity markets, while the UK market is predicted by the American, Canadian, and Japanese equity markets.
Similar to the results for the deutsche mark/dollar exchange rate, we uncover no evidence of significant mean spillovers to the GBP exchange rate from any other currency.
The results of the volatility spillover tests in Panel B (iii) also indicate significant cross-market dependencies between the currency and equity markets and between equity markets. Both the US and UK equity market volatilities have (small) predictive power for the volatility of the pound and bad news in either equity market leads to a subsequent decline in the volatility of the pound. Similarly, the lagged volatility of the GBP exchange rate predicts higher volatility for both equity markets. The evidence also indicates that there is significant bi-directional volatility spillover of equal magnitude between the US and UK stock markets. Further, the asymmetric volatility terms indicate that in periods when the US market experiences a negative shock the volatility spillover to the UK increases significantly.
Our finding of bi-directional mean and volatility spillovers between the US and UK equity markets is inconsistent with the findings of several previous papers. Susmel and Engle (1994) find no significant mean or volatility spillovers between the UK and US stock markets, while Hamao et al. (1990) find only unidirectional volatility spillovers from the US to the UK and Japan. There are several possible explanations for the differences in the results. First, in our analysis the GBP, along with other exchange rates, is allowed to have an independent effect on the interdependence between the US and UK equity markets. Thus, we are able to disentangle possible opposite effects of the pound/dollar exchange rate and UK equity returns on the mean of the US equity returns. Second, we include a broader set of major equity markets in the mean equations, allowing us to more efficiently capture the role played by each individual market in the interdependence between markets. Third, we use a multivariate GARCH framework thereby increasing the amount of information that is used in the variance-covariance matrix relative to the univariate models of Hamao et al. (1990) and Susmel and Engle (1994) . Finally, our sample covers a more recent period. Therefore, it is possible that the nature of the information flow and, consequently, the volatility linkages have changed over the more recent period.
Panel A (iv) reports results for the case where the dependent variables are the US and Canadian equity returns and changes in the CAD exchange rate. Consistent with our previous results, we find evidence of significant spillovers from equity markets to the currency market. In the conditional mean equations, although neither the US nor the Canadian equity market predicts changes in the exchange rate, both the German and UK equity markets have statistically significant (though economically small) predictive power for changes in the CAD exchange rate. Together with results from Panel A (i) and (iii),
where it was shown that changes in the CAD exchange rate have statistically and economically significant predictive power for the means of the German and UK equity returns, the current results suggest that there is indeed a strong link between the German and UK equity markets and the CAD exchange rate. In the current system of equations, there is also evidence of spillovers to equity markets from the changes in the exchange rates. Returns on the US equity market are significantly predicted by changes in the value of the yen, while the Canadian equity returns are predicted by changes in the Canadian dollar, the deutsche mark, the yen, and the pound.
Turning to the relationships between Canadian and US equity markets, we find that US equity returns are significantly (though economically marginally) predicted by Canadian equity returns.
Consistent with Karolyi (1995) , US equity returns predict Canadian equity returns. Judging from the magnitude of the coefficients, past US returns have over twice the impact on current Canadian returns than the latter have on future US returns. The evidence also indicates that both the US and Canadian stock market returns are predicted by the German, Japanese, and UK equity market returns.
In the conditional volatilities reported in Panel B (iv), we observe a broadly similar pattern of spillovers between equity and currency markets as in the previous systems of equations. While there is generally no volatility spillover from the US or Canadian equities to the CAD exchange rate, in periods when either equity market experiences a negative shock, there is some (small) volatility spillover to the exchange rate, as indicated by the significant asymmetric volatility spillover terms. On the other hand, there is no ambiguity in the role of past currency volatility in the current equity volatility. For instance, a one-unit increase in the volatility of the CAD exchange rate leads to a 0.48 units increase in the future volatility of the US equity market and about a 0.36 units increase in the volatility of the Canadian market.
Similarly, there is economically large asymmetric volatility spillover from the exchange rate changes to the equities. However, this is statistically significant only in the volatility of the Canadian equity market.
There is also statistically significant and economically large bi-directional volatility spillover of roughly equal magnitude between the US and Canadian equity markets. Further, the evidence indicates that there is a tendency for these interdependencies to increase when there is bad news in either equity market.
The strong cross-market dependencies between the US and Canadian financial markets are probably due to the geographic proximity and the relatively close economic and financial ties between these two countries. Canada is the largest trading partner of the US and US investors readily invest in the Canadian stock market either through direct cross-border transactions or by way of the Canadian stocks that are listed on the US exchanges. The latter is facilitated by the fact that, of the major industrialized countries, Canada has the largest proportion (45%) of stock market capitalization listed in the US (Ahearne, Griever, and Warnock (2000) ).
Overall, the evidence indicates that significant mean and volatility spillovers are an important feature of the relationships between currency markets and domestic and foreign equity markets. This is an important finding on several accounts. First, it supports the theoretical models of Zapatero (1995) and Hau and Rey (2002) that currency markets are significantly affected by equity markets. Second, it suggests that a possible explanation for the lack of convincing evidence of exchange rates impacting equity returns may be because most of the previous literature ignored the relationship between the conditional variances and have also not allowed for the endogeneity of the currency market.
Third, papers that examine interdependence between the US and foreign equity markets, but have not allowed for the endogeneity of the bilateral exchange rate, have, in all likelihood, drawn erroneous conclusions. This is because in three of the four systems in the present paper (except the US, Japan, JPY system) the foreign equity and exchange rate coefficients in the conditional mean of the US equities are of opposite signs. Thus, excluding the exchange rate could have led to the conclusion that the foreign equity returns do not impact the mean of the US equity, because with the exclusion of the exchange rate the spillover coefficient would represent the joint equity and currency effects. Similarly, studies of interdependence between currencies that exclude equity market returns may also erroneously conclude that there are interdependence between currencies, or at least overstate the strength of such dependence.
This is because what could appear to be spillover between currencies could be equity-to-currency spillovers, but the research design is incapable of capturing this. This is supported by our results of strong mean spillover from equity market returns to changes in exchange rates, coupled with the nearly non-existent (mean) spillovers between currencies.
VI. Can Order Flow Explain the Interdependence between Equity and Currency Markets?
In this section, we examine the extent to which our results are driven by the flow of private information between the three capital markets, where the information is conveyed by innovations in currency order flow. If the mean and volatility linkages are due to information flow and order flow is the transmission mechanism (Evans and Lyons (2002a, 2002b) and Froot, O'connell, and Seasholes (2001) ), then there should be a significant decline in the interdependence between the markets after entering order flow as a control variable in the models.
To test our hypothesis, each system of equations is re-estimated with unanticipated order flow added as an explanatory variable in the conditional mean equations. As discussed above, we use the unanticipated component of order flow because only the unexpected order flow should predict currency changes and equity returns since the expected component should already be reflected in the prices (Evans and Lyons (2002a) and Rime (2001) ). 12 As a proxy for unexpected order flow, we use the residuals from ARMA(p, q) models applied to each series of order flow. 13 Specifically, innovations in order flow related to each of the four foreign currencies in our sample are included as regressors in each of the mean equations within the system of equations. This is motivated by the finding of Evans and Lyons (2002c) that international currency markets are informationally integrated as the order flow related to a given 12 Evans and Lyons (2002a) and Rime (2001) find that it is the unexpected component of order flow that explains changes in exchange rates. 13 Similar to Rime (2001) , who also uses ARMA models, some series required detrending before the application of the ARMA model. Results from these models are available on request. currency has explanatory power for the variations of other currencies. The new mean specification (for say the first market) is given as follows:
where CADFL, DEMFL, GBPFL, and JPYFL are, respectively, order flow innovations for the Canadian, German, British, and Japanese currencies.
A. Does Currency Order Flow Have Predictive Power for Equity and Currency Markets?
The results in Table 4 , Panel A (i) to (iv) (columns 10-13), provide strong evidence that order flow has statistically significant predictive power in all systems of equations. A closer examination of the panels reveals some interesting results. First, lagged innovations in currency order flow have significant predictive ability not only for currency changes, but also for equity returns. This finding is consistent with results from Froot and Ramadorai (2002a,b) . While innovations in the various currency order flows are generally significant in the mean of the US equities in each of the four systems of equations, there is some variation in the significance and signs of the coefficients across the various systems. The variation in significance and sign of the coefficients reflect the fact that each system has different information (e.g., the dependent variables).
Second, and perhaps more important to our hypothesis, except for the Canadian system, a positive shock in the order flow related to the currency of the foreign equity market leads to a significant increase in the returns of the foreign equity market. Moreover, innovations in the mark and yen order flow, DEMFL and JPYFL, have a greater impact on the returns of German and Japanese equity markets than on US market returns. These results are consistent with our portfolio-rebalancing hypothesis and suggest that currency order flow has a significant influence on the dynamic relations between international financial markets.
Third, although the exchange rate is also predicted by a shock to order flow, the response to order flow seems weaker for currencies than for equities as the currency changes are affected by fewer of the order flow variables. Consistent with the results reported by Rime (2001) , we find that the yen is most significantly affected by lagged shocks to order flow. In contrast, the CAD exchange rate is not significantly affected by any of the order flow variables. It is interesting that both the yen and the mark, which are significantly affected by their own order flows, experience an appreciation subsequent to a positive shock. Again, this result is consistent with our main hypothesis. One implication of the relatively weak impact of order flows on exchange rates is that the currency markets may be less informationally integrated than Evans and Lyons (2002c) suggest. 14 Alternatively, it could be that there is a greater tendency for exchange rates to respond contemporaneously to shocks in currency order flow, whereas equity market participants tend to require more time to absorb the information in shocks to order flow.
B. Does Information Flow Account for the Mean Spillovers between Equity and Currency Markets?
Given the above evidence suggesting that order flow affects the dynamics between international equity and currency markets, we now directly examine our main hypothesis. That is, in this sub-section we focus on whether or not information flow, as represented by innovations in currency order flow, can explain the mean spillovers between international equity markets and exchange rates. From Panel A (i) of Table 4 , where the dependent variables are the US and German market returns and the DEM exchange rate changes, there is a reduction in the magnitude and statistical significance of several of the spillover coefficients. The most important change in the mean spillovers to the DEM exchange rate is the reduction by two-thirds of the spillover from the Canadian equity market. Further, this equity spillover is no longer significant. Another notable change in the spillovers to the DEM exchange rate is the reduction, by about a half, of the spillovers from the UK equity returns and changes in the CAD exchange rate, even though these economically large coefficients are not statistically significant. Also noteworthy is that even though the spillover from the German equity returns is similar in magnitude before and after accounting for order flow, it is no longer statistically significant.
Controlling for currency order flow has an even larger effect on the interdependence between the US and German equity markets. This is evidenced by the result that the spillover from the German and Canadian stock markets and the British pound to the US market has declined by more than a half relative to the earlier results. Likewise, the spillovers to the German equity returns from the stock market returns of the US, Canada, and the UK, and from the DEM, the CAD, and the GBP exchange rates, have declined in several cases by much more than a half. These results are striking. To the extent that currency order flow is a vehicle for information transmission, we find strong support for the hypothesis that mean spillovers between equity and currency markets and between US and international equity markets are due to a large extent to information flow.
In Table 4 (ii), where the dependent variables are the US and Japanese market returns and changes in the JPY exchange rate, the reduction in the magnitude of the spillovers is broadly similar, though less dramatic. The results indicate that the spillovers to the yen from the US, Canadian, German, and UK markets and the British pound have declined by 10 to 50%. In contrast, there are substantially greater spillovers from the mark and the Japanese equity markets. Not surprising, after accounting for order flow the changes in the spillover between the US and Japanese equity returns are similarly mixed.
While the spillover from the Japanese market to the US market has disappeared, and that from the yen is now much smaller than before, the spillovers to the US market from the Canadian, German, and UK markets and the pound have increased significantly. For the Japanese stock market, after accounting for order flow, the spillover from the US equities is less than 30% its previous magnitude and is no longer statistically significant. Similarly, the previously large spillover from the Canadian dollar has disappeared, in both magnitude and statistical significance. Smaller, but economically important, reductions in spillover from the DEM and GBP exchange rates to the Japanese market are also noticeable. "informationally integrated." Their study is based on order flow covering approximately three months in 1996. However, as in the case of the US market, we observe large increases in spillovers from the German and UK markets and the yen/dollar exchange rate to the Japanese market.
The results in Panel A (iii), where the focus is on the British system, are similar to those for the Japanese system. The spillovers to the GBP exchange rate are marginally affected by the inclusion of order flow, except that the spillovers from the DEM and the CAD currencies have increased significantly.
The spillovers to the US and UK equity markets provide mixed results. The spillover from the UK to the US has declined by about 50%, and the spillover from the US to the UK is no longer significant, even though the magnitude has not changed. In contrast, the spillovers from the Canadian, German, and Japanese markets and the CAD exchange rate to the US and UK markets have increased.
Our finding that spillovers between some markets increase after controlling for the flow of information, as represented by innovations in order flow, suggests that by directly including order flow in the mean equations we have controlled for some unknown factor(s) that previously prevented the interdependence between these particular markets from achieving their full potential. Further, that some spillover coefficients remain significant, even where they declined after controlling for information flow, suggests that the flow of information is not the sole reason for the interdependence between international financial markets. Alternatively, this may be related to the fact that we use aggregate order flows. In the case of the Japanese equity market, this could have a particularly confounding effect because during our sample period, 1994 to 1998, Japan was experiencing a decade-long recession. Perhaps, due to the ongoing poor performance of the Japanese equity market, only a relatively small fraction of aggregate order flow is related to equity portfolio rebalancing in this period.
Turning to the Canadian system contained in (iv), the evidence indicates that there are no economically important mean spillovers to the CAD exchange rate and the previously statistically significant spillover from the pound is no longer significant, even though there is a slight increase in magnitude. In contrast, the spillovers from the US market to the Canadian market, and vice versa, have experienced about a 30% reduction after controlling for order flow. In addition, the spillovers from the German, Japanese, and UK equity markets to both the US and Canadian equity markets have now declined by as much as 50% (in the case of the spillovers from the Japanese equities). However, as in the two previous systems of equations, both the US and Canadian markets now display greater dependence on the Canadian and British currencies.
C. Can Information Flow Account for the Volatility Spillovers between Equity and Currency Markets?
It is a widely held view that the variance of prices is related to the rate of flow of information (Ross (1989) ). As previously stated, we assume that unanticipated order flow reflects information flow.
Hence, relative to the reduction in the mean spillovers, we expect to observe a significantly greater decline in the volatility interdependencies across markets after controlling for unanticipated order flow.
Results are reported in Panel B (i) through (iv) of table 4. These results overwhelmingly confirm our conjecture as the inclusion of order flow innovations in the mean equations leads to a more dramatic reduction in volatility spillovers than that which occurred in the mean spillovers. This diminution of the spillover effects is noticeable even for the UK and Japanese systems, even though the reductions are most noticeable for the German and Canadian systems.
For example, in Panel B (i) of Table 4 , the volatility spillovers from the equity markets to the DEM exchange rate and from the DEM exchange rate to the equity markets have fallen by up to 90%.
Similarly, the volatility spillover from the German market to US equity volatility is only 20% its original size, while US volatility spillover to German equity volatility is only 10% its original magnitude. The spillover coefficients associated with the asymmetric volatility terms have also been reduced by similar magnitudes. Overall, all but one of the coefficients (which remains the same) in the German system experience sharp declines after controlling for order flow. Similarly, from the Canadian system displayed in (iv), all the spillover coefficients in the volatilities of the US and Canadian equity markets have declined by 40 to 80%.
Previously, we observed that in the Japanese system the mean of the Japanese market exhibited greater dependence on some markets after controlling for order flow (Panel A (ii)). In contrast (from Panel B (ii)), all spillover coefficients in the Japanese equity volatility equation are smaller after controlling for order flow. For example, the coefficients associated with the lagged volatilities of the US market and yen exchange rate are now 80% and 74% lower than before. Similarly, the reduction in the US market and yen asymmetric volatility spillover terms is over 90%.
From Panel B (iii), where the results are based on the British system, the spillovers are also markedly lower after accounting for order flow. For example, three of the four spillover coefficients in the UK equity volatility have declined by more than 40% and two of four spillover coefficients in the US equity volatility are up to 80% lower.
In summary, our results indicate that the mean and volatility spillovers across domestic and foreign equity and currency markets are significantly affected both statistically and economically by currency order flow. Given the evidence by Evans and Lyons (2002a, b) , Froot and Ramadorai (2002a) , and Rime (2001) that currency order flow is a valid vehicle for the transmission of information, our findings provide strong support for our hypothesis that a significant part of the volatility spillover is a result of information spillover. Our finding that equity and currency volatilities are impacted by information flow also supports the theoretical argument of Ross (1989) that the variance of prices is related to information arrival. However, even though order flow impacts the currency market, the more important effects of order flow are on the equity markets. Additionally, our results are consistent with the findings of Fleming et al. (1998) who examine cross-market spillovers in the context of domestic capital markets.
D. The Magnitude of the Impact of Order Flow
To provide additional insights into the effect of controlling for order flow on the mean and volatility spillovers we obtain a summary measure of the mean and volatility spillover effects for each market. It is an estimate of the joint impact of the lagged returns and lagged volatility, respectively, of two markets on the current return and volatility of the third market in the system of equations, with and without controlling for currency order flow. We compute the spillover effect as the sum of the absolute value of the products of the estimated coefficients reported in Tables 3 and 4 and the respective lagged returns or volatility, as appropriate. In other words, we compute the spillover effect as the absolute fitted values of equations (1) to (3) and (5) to (7) without including the constants and own-market lagged returns and volatility terms. contains summary statistics of the spillover effects in the volatilities. Column 1 contains the mean spillover effects before controlling for order flow, while column 3 contains the mean spillover effects after controlling for order flow. In the computation of the spillover effects in the model in which we control for order flow (equation 9), we do not include the four order flow components. Column 5 reports estimates of the effect of order flow on the intermarket spillovers measured as the spillover effects without order flow minus the spillover effect after controlling for order flow (column 1 less column 3).
Thus, a positive (negative) sign indicates a decrease (increase) in spillover.
The results in column 5 indicate that order flow has both a statistically and economically important impact on the magnitude of the mean and volatility spillovers between currency and equity markets and between US and foreign equity markets. Focusing first on the spillovers in the means, consistent with the results in Table 4 , there is a decrease in the spillover effects to both equity markets in the German and Canadian systems, while there is an increase for both the Japanese and British systems.
The results also show a wide variation in the impact of order flow across the four systems, with values ranging from a decrease of 0.253% (from the German equity and currency markets to the US market) to an increase of 0.150% (from the UK equity and currency markets to the US equity market). Although smaller in magnitude than its effect on the equity market spillovers, the effect of order flow on spillovers to the currency markets are nevertheless economically and statistically important, with values ranging from a decrease of 0.085% (for the German system) to an increase of 0.046% (for the British system).
We report the impact of order flow on volatility spillovers in column 5 of Panel B. These range from a reduction of 1.269 units for the US market in the German system to an increase of 0.402 units for the US market in the Japanese system. However, unlike the spillover effects in the means of the currency markets, where in all cases order flow had a significant impact on the magnitude of the spillovers, for the currency volatility spillovers only in the case of the German system is there a significant effect. That is, controlling for order flow leads to a decline of 0.188 units in the volatility spillovers to the German mark.
Overall, the summary measure of the spillover effects reported in Table 5 indicates that US equities, foreign equities, and bilateral exchange rates are significantly affected (economically and statistically) by spillovers from other financial markets. More important, the results indicate that controlling for order flow has a significant effect on the spillovers between equity markets and between currency and equity markets. The summary measures indicate that controlling for order flow generally leads to a reduction in mean and volatility spillovers across financial markets. However, consistent with the results in Table 4 , this is not always the case.
VII. Summary and Conclusions
This paper investigates the dynamic relationships between the major currencies and equity markets. Specifically, we test for bi-directional mean and volatility spillovers between the US stock market, a foreign equity market, and their bilateral exchange rate. The foreign markets are the Canadian, German, Japanese, and UK equity markets, respectively, with their corresponding currencies, the Canadian dollar, the German mark, the Japanese yen, and the British pound. Additionally, we examine whether or not the mean and volatility spillovers between these markets can be attributed to information spillover, where the innovations in currency order flow conveys this information.
There are two main sets of results. The first can be summarized as follows. There are significant, bi-directional mean and volatility spillovers between currency and equity markets and between US and foreign equity markets. In the means, we find significant spillovers from the Canadian, German, Japanese, and UK equity markets to at least one exchange rate. On the other hand, we find significant spillovers from changes in the Canadian dollar, the mark, the pound, and the yen exchange rates to the US and foreign equity returns. Further, the evidence indicates that, in general, foreign equity markets significantly predict the US equity market and all are in turn predicted by the US equity market. There are also significant volatility spillovers from the US and foreign stock markets to the currency markets and from the currency markets to the US and foreign stock markets. The spillover from currency volatility to equity volatility is much stronger than the reverse. There are also significant bi-directional volatility spillovers between the equity markets and these spillovers strengthen following periods of negative shocks in the equity markets. These spillovers between the US and major equity markets are robust to filtering for the exchange-rate effect.
The essence of the second set of results is that a substantial portion of cross-market dependencies in mean and volatility can be attributed to information spillover through the mechanism of currency order flow. When we control for information flow, by including unanticipated order flow in the model, there is a dramatic reduction in both the mean and volatility spillover coefficients. While there is a reduction in both mean and volatility spillovers across the various systems of equations, the reduction is larger and more consistent in the volatilities. This supports the notion that innovations in order flow reflect information and that spillovers between the currency and the domestic and foreign equity markets are due to information flow.
It is clear from our results that the relationships between currency and equity markets are significant, bi-directional, pervasive, and coexist with the relationships between equity markets.
Furthermore, these relationships are better captured in the conditional second moments. There are two broad implications of these results. First, they suggest that one reason that macroeconomists have failed to fully understand the determinants of exchange rates, is that up to now there is little, if any, role for the dynamics of the equity market in their models. Second, researchers in the area of (international) asset pricing have in general underestimated the impact of currency markets on equities because they have focused on the impact of currency markets on the mean of equity returns and have ignored the second moment. All figures in bracket are p-values associated with the null hypothesis that the respective statistic is equal to zero. SD is standard deviation, SK is skewness (p-value), and XKU is excess kurtosis (p-value). J-B is the Jarque-Bera test of normality (p-value). Auto(L) are the autocorrelation coefficients of the returns (in levels) on the respective series, at the first (top) and second (below) lags. LB(x) are the Ljung-Box test of significance of autocorrelation at x lags (p-value). Similarly, Auto(S) are the autocorrelation of the squared returns (p-value). The returns on the equity series are computed as 100 times the log-first difference of the stock market index. USR, CNR, GMR, JPR, and UKR are the US, Canadian, German, Japanese, and UK stock market returns, respectively. CAD, DEM, GBP, and JPY, respectively, are changes in the Canadian, German, UK, and Japanese exchange rates, expressed as foreign currency per dollar, and computed as 100 times the log-first difference of the exchange rate. The "net purchase of foreign currencies" (order flow) represents purchase minus sale of the foreign currency expressed in units of foreign currency. The data cover the period January 1994 to December 1998 (258 weekly observations). The change and squared change of each exchange rate is cross-correlated with the returns and squared returns, respectively, on the equity series above it. p(x to y) is the p-value from the Ljung-Box test of significance of the cross-correlation. "Lag" refers to the number of periods by which the currency series lags the equity series. That is, the correlation between equity(t) and currency(t-lag). Hence, p(1 to 2) is the p-value of the null hypothesis that the equity series does not lag (at t) the currency series (at t-1 and t-2 ), while p(-2 to -1) is that the equity series does not lead the currency series. The returns on the equity series are computed as 100 times the log-first difference of the stock market index. USR, CNR, GMR, JPR, and UKR are the US, Canadian, German, Japanese, and UK stock market returns, respectively. CAD, DEM, GBP, and JPY, respectively, are changes in the Canadian, German, UK, and Japanese exchange rates, expressed as foreign currency per dollar, and computed as 100 times the log-first difference of the exchange rate. The data cover the period January 1994 to December 1998 (258 weekly observations). This table provides a summary measure of the effect of mean and volatility spillovers on each market. That is, the table reports the joint impact of the lagged returns and volatility, respectively, of two markets on the current return (Panel A) and volatility (Panel B) of the third market in the system of equations, with and without controlling for currency order flow. The spillover effect is computed as the sum of the absolute value of the products of the estimated coefficients in Tables 3 and 4 and the respective lagged returns or volatility, as appropriate. Own-market lagged returns and volatility terms and order flow are not included in the spillover effect. Differences in column 5 represent spillover without order flow less spillover after controlling for order flow. *, **, *** Represent significance at the 10%, 5%, and 1% levels.
TABLE 3 Mean and Volatility Spillovers between US and Foreign Equity Markets and Exchange Rates
A. Spillovers in Mean
(i) USR t-1 GMR t-1 DEM t-1 CNR t-1 JPR t-1 UKR t-1 CAD t-1 YEN t-1 GBP t-1 Constant(ii) USR t-1 JPR t-1 YEN t-1 GMR t-1 CNR t-1 UKR t-1 DEM t-1 CAD t-1 GBP t-(iii) USR t-1 UKR t-1 GBP t-1 GMR t-1 CNR t-1 JPR t-1 CAD t-1 YEN t-1 DEM t-1 Constant USR t -0.(iv) USR t-1 CNR t-1 CAD t-1 GMR t-1 JPR t-1 UKR t-1 DEM t-1 YEN t-1 GBP t-1 Constant
Impact of Currency Order Flow on Mean and Volatility Spillovers between US and Foreign Equity Markets and Exchange Rates
A. Spillovers in Mean
(i) USR t-1 GMR t-1 DEM t-1 CNR t-1 JPR t-1 UKR t-1 CAD t-1 YEN t-1 GBP t-1 DEMFL t-1 YENFL t-1 CADFL t-1 GBPFL t-1 Constant USR. t -(ii) USR. t-1 JPR t-1 YEN t-1 GMR t-1 CNR t-1 UKR t-1 DEM t-1 CAD t-1 GBP t-1 DEMFL t-1 YENFL t-1 CADFL t-1 GBPFL t-1 Constant USR. t -(iii) USR t-1 UKR t-1 GBP t-1 GMR t-1 CNR t-1 JPR t-1 CAD t-1 YEN t-1 DEM t-1 DEMFL t-1 YENFL t-1 CADFL t-1 GBPFL t-1 Constant USR t -
